The main objective of this paper is to report two benthic, epilithic diatom species from the Raška River. Samples were collected in April, June, August and November 2011 and March and May 2012 from 5 localities along the Raška River by scraping off the stone surface using a brush. Diatom frustules were first cleaned using the cold acid method, and then mounted on permanent slides. Descriptions (main valve measurements of the populations in the Raška River), ecology, distribution in Serbia and Europe, and appropriate photomicrographs of two species are presented. Navicula jakovljevicii Hustedt and Navicula catalanogermanica Lange-Bertalot & Hofmann are rarely found in Europe and these are new distributional records. These new taxa significantly contribute to diatom floristic diversity of the Raška River.
INTRODUCTION
The last decade of the 20 th century brought biodiversity researches as an important part of biological research due to the increasing evidence of the biodiversity loss on a global scale (Pimm et al. 1995) . In addition, there has been an increase in knowledge about diatom biodiversity as a result of a more detail morphometric analysis of the diatom valve by LM and SEM microscopy (Lange-Bertalot 2001) . On the other hand, benthic diatom communities are a particularly important element in monitoring the ecological status of rivers, recommended by Water Framework Directives (Water Framework Directive, European Parliament 2000 directive, 2000/60/EC).
Diatoms are considered to be very useful indicators of environmental changes in aquatic ecosystems (Van Dam et al. 1994 , Lowe & Pan 1996 , Stevenson & Pan 1999 . The study of diatom communities in rivers goes back several decades, therefore there is a lot of information on species sensitivity to changes in the environment as a result of different types of impact, including particularly anthropopressure (Kelly & Whitton 1998 , Kwandrans et al. 1998 , Gómez & Licursi 2001 , Ivanov et al. 2003 , Vilbaste & Truu 2003 , Ács et al. 2004 , Newall & Walsh 2005 . Evaluation of the floristic richness of diatoms in the river is a necessary, further step. It is contributory to diatom biodiversity, as well as better implementation of biomonitoring programs.
The genus Navicula was originally described in 1822 by Bory de St. Vincent to accommodate isopolar biraphid species with a spindle-shaped ('navette', hence naviculoid, Cox 1999) valve outline, uniseriate striae composed of slit-like areolae, a rather simple raphe system with an internal accessory rib, and two plate-like, girdle-appressed plastids (Round et al. 1990; Cox 1999; Lange-Bertalot 2001) . This widespread genus (Wojtal 2001 , Van dr Vijver et al. 2010 , Guiry 2013 , DeNicola 2000 , Lange-Bertalot et al. 2003 , Witak 2013 , Kargıoğlu et al. 2012 , which includes more than a thousand species organized in 15 sections (Hustedt 1961 -1966 , Van-Landingham 1975 , was modified several times (Patrick 1959; Cox 1979 Cox , 1999 Round et al. 1990; Lange-Bertalot 2001) .
Navicula jakovljevicii was described in lakes and springs of the Balkan Peninsula by Husted (1945) . For the first time the taxon has been found outside the Balkan area in Lake Zug, Switzerland (Reichardt 1992) . Lange-Bertalot and Hofmann described Navicula catalanogermanica. This taxon has been found in the Eastern Pyrenees, France (Lange-Bertalot 1993) .
Until now there has been no published data about diatom flora in the Raška River. Recently, an endangered red alga − Bangia atropurpurea (Roth.) − was found in the Raška River (Simić 2008) . Krizmanić et al. (2008) found Hydrurus foetidus (Vill.) in the same river. In the present study, we sampled benthic diatoms to evaluate the floristic richness of the river. Two species new to the Serbian diatom flora were found in the Raška River.
STUDY AREA
The Raška River is a left-bank tributary of the Ibar River in the southwestern part of Serbia. It belongs to the Black Sea drainage basin. It is 39 km long, 10-25 m wide with a catchment area of 1.040 km². The basin of the Raška River is located in Starovlaška-Raška highlands (Marković 1980) . A trout fish pond was built in the upper part of the investigated section of the Raška River. The basic requirement for the construction of a trout fish pond is high quality lotic water (Filipović & Milosavljević 2005) . It is very important to evaluate and monitor such an aquatic ecosystem, which is in close relation to a trout fish pond. Better knowledge of diatom diversity and species richnessis essential for this process.
There were 5 sampling sites along the river (RS1, RS2, RS3, RS4 and RS5) at an altitude ranging from 540 to 557 m. N. jakovljevicii was found at RS1, RS2, RS3 and RS5 sites and N. catalanogermanica was found at RS3, RS4 and RS5 sites (Fig. 1) .
MATERIALS AND METHODS
The material was collected in April, June, August and November 2011, and March and May 2012 from 5 localities along the Raška River. Epilithic samples were scraped from the stone surface by a brush. Samples were preserved with formaldehyde to a final concentration of 4%. Conductivity, oxygen, pH and water temperature were measured with PCE-PHD at each sampling site. Chemical analysis of water was examinedat the Institute of General and Physical Chemistry, the University of Belgrade. In the laboratory, the field samples were treated with concentrated acid (H2SO4) and KMnO4 in order to remove organic matter, and then washed several times with distilled water until pH was approximately 7. This was followed by air drying of the material on cover glasses and mounting in Naphrax ® mounting medium. Permanent slides, prepared material and aliquots of the samples were deposited in the diatom collection of the University of Belgrade, the Faculty of Biology. Light microscope observations and counting of the valves was performed using a Zeiss AxioImager M.1 microscope with DIC optics. Images were taken with AxioCam MR5, and processed with the software AxioVision version 4.8. Terminology of valve morphology follows Krammer & Lange-Bertalot (1986) and Hofmann et al. (2013) . Valves were identified according to LangeBertalot (1993 LangeBertalot ( , 2001 . The abundance was estimated by counting 400 valves of each taxa present on a slide and by counting the percentage of valves for the two species.
RESULTS AND DISCUSSION
This part of the paper presents the description, distribution and ecology of the two rare diatom taxa found at sites in the Raška River. The valve measurements of the populations in the Raška River are shown in Table 1 , and chemical analyses of the water for each sampling site in Table 2 .
Order: Naviculales Family: Naviculaceae Genus: Navicula Species: Navicula jakovljevicii Hustedt 1945 (Fig. 2 A-E) Reference: Lange-Bertalot 2001 (page 41, Figs 6: 8-11) Description: Observations of 25 valves showed lanceolate to elliptic-lanceolate shape with obtusely to broadly round ends, 36.06-70.08 μm long, 8.53-11.46 μm wide. Raphe fissures slightly lateral, more or less distinctly curved. The axial area very narrow and linear, the central area small, weakly asymmetrically rounded. Striae moderately lateral, parallel to weakly convergent at the ends, 15-16/10 μm. According to Husted (1945) , the valve is 32-60 μm long, 8-11 μm wide and has 16-18 striae/10 μm. Populations in Lake Zug (Reichardt 1992) correspond with those dimensions (32.9-53.0 μm long and 8.4-9.7 μm wide, striae 16/10 μm), while Croatian's populations are larger (39-85 μm long and 8.8-11.7 μm wide, striae 14.0-15.5/10 μm). LangeBertalot (2001) presents populations with valves 26-85 μm long and with 14-17 striae/10 μm. According to Levkov et al. (2005) , there are at least two different populations in Macedonia (Nidze Mountain and Lake Ohrid), separated by two characteristics. The first, N. jakovljevicii morphotype 1 is longer (50-80 μm) and has 16-18 striae/10 μm. The second N. jakovljevicii morphotype 2 has smaller forms (30-50 μm) and 12-14 striae in 10 μm.
Ecology: According to Lange-Bertalot (2001), the species prefer waters which are calcium carbonate buffered and oligo-to eutrophic. Torrisi & Dell'Uomo (2009) reported that N. jakovljevicii is alkaliphilic species. Water is slightly alkaline (7.7-7.85). Total hardness at the sampling sites was 31.58-31.96 mg l -1 . The water temperature ranged from 11.05°C to 11.53°C and concentrations of other nutrients were low.
Distribution (Serbia): N. jakovljevicii was found in
June, August and November 2011, and March and May 2012 at the sampling sites RS1, RS2, RS3 and RS5 (Fig. 1 ) in low relative abundance (0.5%).
Distribution (Europe): South-east and central
Europe (Hustedt 1945) , Croatia (Plitvice lakes, the Krka River) and Switzerland (Lake Zug) (Reichardt 1992) Raphe branches filiform to weakly lateral. The axial area linear to narrowly lanceolate, the central area variable, from very small to rhombic or transversely rectangular in larger specimens. Striae radiate in the middle, then parallel and finally weakly convergent at the ends, 11-13/10 μm. According to Lange-Bertalot (1993 ), the valve is 18-35 μm long, 7.5-8.5 μm wide and striae 9.5-12/10 μm.
Ecology: A rather broad trophic spectrum, ranging from almost oligotrophic to eutrophic water well buffered by average electrolyte concentrations (calcium or other earth-alkali ions), oligo-to β-mesosaprobic (Lange-Bertalot 1993 ). According to Lerin (2011) , the species is relatively sensitive to the presence of organic matter, found in water with pH >7. The presence of organic matter in water reduces the abundance of this species. At our sampling sites, pH varied within 7.7-7.78 and the conductivity -within 373.5-379.33 μS cm -1 . Water temperature ranged from 10.23°C to 11.43°C, total hardness from 31.58 to 31.8 mg l -1 and concentrations of other nutrients were low. 
Distribution (Europe):
Many rivers in the Pyrenean foothills, Pulvermaar and Totenmaar lakes in the Eifel area and in the River Iller. The species is probably more widespread, but has so far not been distinguished from similar taxa (Lange-Bertalot 2001) . N. catalanogermanica was found in Belgium (Denys 2003) , the Iskar River (Bulgaria) (Ivanov et al. 2006) , in mountain lakes of the Dzherginskiy Nature Reserve, the Baikal region (Genkal & Bondarenko 2011) , in the Ebre River, Spain (Lerin 2011) .
Until now there has been no published data on the diatom flora in the Raška River. The two benthic diatoms reported in this paper are new to the Serbian diatom flora (Krizmanić 2009 ). We plan to present the complete list of diatom taxa (106 diatom taxa) from the Raška River in future papers. Many aquatic ecosystems in Serbia are understudied and we can not state for certain that the Raška River is the only location where these two species can be found.
According to Husted (1945) , N. jakovljevicii has features that are not typical for Navicula senso stricto, since the morphology of the striae places it closer to Caloneis Cleve. According to Reichardt (1992) , this taxon has occluded areolae on the inside part of the valve, forming a longitudinal line similar to Caloneis, Pinnularia (pro parte) and Gomphoneis (pro parte). Populations from the Raška River are between morphotype 1 and morphotype 2 depending on their size and striae pattern.
N. catalanogermanica is probably more widespread, but has so far not been distinguished from similar taxa, N. menisculus, N. antonii and N. oppugnata (LangeBertalot 2001) . According to Denzy (2003) , N. catalanogermanica is a rarely reported diatom in Belgium and its presence is related to the high mineral content in the water. Genkal & Bondarenko (2011) report that the species is rare in mountain lakes of the Dzherginskiy Nature Reserve.
In the Raška River, N. jakovljevicii and N. catalanogermanica were found in slightly hard water with slightly alkaline pH, the temperature range around 11°C, moderate conductivity and low concentrations of other nutrients. Those are similar conditions with previous records, although the samples come from lakes and rivers.
None of the reported taxa were frequently observed in the studied material. They are probably of little ecological significance in this river, but they are important for diatom floristic richness of the region. These findings indicate the necessity for further fundamental investigations, since the diatom microflora in this part of the Balkan Peninsula remains poorly investigated regardless of a relatively long period of research (Schaarschmidt 1883) .
This new information increases our knowledge of the river system, which is important for further prediction of diatoms as bioindicators, and monitoring programs.
